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1	Introduction
During the RAN plenary#92e, the WI scope for feMIMO was reduced and the L1/L2 centric inter-cell mobility aspects were removed from the WID [1]. The WID now has the following RAN2 specific objectives.

· Specify higher layer support of enhancements listed above, at least including [RAN2]
· For inter-cell beam management: MAC (if any) and RRC enhancements (including signaling, measurement configuration and TCI state switching) assuming no impact to serving cell (i.e. serving cell does not change when beam selection is done)
· Specify signaling between CU and DU to enable inter-cell beam management if any [RAN3]
· Specify core requirements associated with the items specified by RAN1, at least including [RAN4]
· UE requirements for inter-cell beam management


RAN2 received a reply LS from RAN1 answering a measurement related question[4]
RAN1 would like to thank RAN2 for the LS reply on TCI State Update for L1/L2-Centric Inter-Cell Mobility. RAN1 answers the question in the LS reply from RAN2 as follows:

	Question: Does RAN1 assume L1 measurements (i.e. measurements not using L3 filtering) are used for triggering L1/L2 centric inter-cell mobility for Scenario 1 and/or Scenario 2?

Answer: As reflected in the revised WID RP-211586, no change in serving cell (hence no inter-cell mobility) is assumed. Therefore, triggering of inter-cell mobility is no longer relevant. Furthermore, per the revised WID, the term “L1/L2-centric inter-cell mobility” should be replaced with “inter-cell beam management”.
The UE performs beam measurement and reporting for inter-cell beam management. Here, the revised WID in RP-211586 excludes L3 impact (cf. WID 1.a.iv. “... This includes L1-only measurement/reporting (i.e. no L3 impact) ...”). Therefore, RAN1 shall assume only L1 measurements. 




Additionally, RAN2 was cc in replies from RAN1 to RAN4 and RAN3 of the same LS in [5][6], LS content in appendix. There is yet another LS on the same discussion from RAN4 to RAN1 in [2] but based on [5][6]  the content of that LS does not seem relevant anymore.
Further, RAN2 received an mTRP specific LS in [7] which includes a list on mTRP specific agreements from that RAN1 meeting. LS content in appendix.
RAN1 is providing reply for LS RAN2 [9] sent out in last meeting. Response can be found in [10]. 

Main takeaways of the LS response are:
· Single HARQ entity for inter-cell BM and mTRP
· One physical layer configuration for TRPs with different PCIs,  TCI has association to a particular PCI
· There may be other per TRP configurations e.g. in L1 measurements (visible in RRC parameters later)
· Any cell PCell/SPCell/SCell can be configured with intra or intercell mTRP or BM
· UE is always able to receive CD-SSB as well as SI (and short messages) from serving cell TRP
· This is in somewhat contradicting with “It is correct understanding that simultaneous Rx in DL is not supported for inter-cell BM but supported for inter-cell mTRP” 
· TCI state switching signaling framework follows that of previous releases and Rel-17 mTRP(MAC CE+DCI)
· Difference between mTRP and BM is that only BM adopts the Rel-17 TCI state framework where UL spatial relation is renamed as UL TCI state and it is possible to configure UE such that UL TCI state and DL TCI state are switched in one go. 


In we have short discussion on RRM and then start discussing RRC parameters based on R1-2110635.
[bookmark: _Ref178064866]2	Discussion on RRM

As part of Rel-16 mTRP enhancements, the UE is able to receive from two TRPs at the same point in time i.e., simultaneous reception from two TRPs is possible in Rel-16. 
[bookmark: _Toc85742916]Based on Rel-16 mTRP enhancements, a UE is able to perform simultaneous reception from two TRPs transmitting SSBs associated to the serving cell PCI.

Based on the modifications to the WID, the changes point in the direction of just extending the mTRP concepts of Rel-16 to also include the possibility of including the L1-measurement report and TCI state configuration with QCL possibility to a SSB belonging to a different PCI than the serving cell PCI.

[bookmark: _Toc85742917]The changes to the WID points at extending the Rel-16 mTRP concepts with enhancing L1-measurement reports of an SSB belonging to a different PCI than the serving cell PCI and TCI state configuration with QCL possibility to a SSB belonging to a different PCI than the serving cell PCI.
PCI-A (serving cell)
PCI-Z
PCI-X
PCI-Y

[bookmark: _Ref79060971]Figure 1: An example scenario associated to inter-cell mTRP operation related configuration


Further, with the inter-cell mTRP operation the UE starts receiving data from a PCI other than the serving cell PCI even before the UE performs the reconfiguration with sync towards that PCI. In principle, one could see this as if the UE starts to get served from more than one PCI i.e., this could also impact the serving cell RRM related measurements. For example, one could define the serving cell RRM measurements to be derived based on the PCIs associated to the active TCI state configuration. However, this will introduce more work in Rel-17 and thus should be avoided. 
For intercell BM, a similar scenario is assumed is depicted in Figure 1. Difference to mTRP operation is that UE is not required to receive simultaneously PDSCH from two different TRPs. As part of RAN1 response to the mobility related measurement question RAN1 states “Here, the revised WID in RP-211586 excludes L3 impact (cf. WID 1.a.iv. “... This includes L1-only measurement/reporting (i.e. no L3 impact) ...”).”.

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc85742922]RRM measurements of the serving cell or the non-serving cell is not impacted in Rel-17.

2	RRC parameters
[bookmark: _Hlk85643637]RAN1 has consolidated FeMIMO parameters in [8] which contains the initial list of RRC parameters for Rel-17 NR_FeMIMO. As a general note, it seems the column E “RAN2 Parant IE” is empty for most of the parameters. Further, in the comment field, column P, many parameters have a comment including “it can be discussed in RAN2” or “detailed design up to RAN2”. Thus it seems that unlike in previous releases, in this release the RAN2 work on the objective “Specify higher layer support of enhancements listed above, at least including [RAN2]” involves more RAN2 decision making for the parameters than in earlier releases.

[bookmark: _Toc85742918]Large number of RAN1 parameters in R1-2110635 contain notes like “it can be discussed in RAN2” or “detailed design up to RAN2” 
[bookmark: _Toc85742919]Unlike in previous releases, in this release the RAN2 work on the objective “Specify higher layer support of enhancements listed above, at least including [RAN2]” involves more RAN2 decision making for the parameters than in earlier releases.


2.1 Rel-17 TCI state framework

DL beam management builds on the concept of TCI states, as the single tool to convey the QCL TypeD information used by the UE to adjust its Rx beam. All DL reference signals (CSI-RS, PDCCH/PDSCH DMRS) make direct use of the same set of TCI states.
The DL TCI framework is quite flexible: it is possible to operate the DL using different TCI states for PDCCH, PDSCH and the different types of CSI-RS. In the most common case however, the same TCI state is used for PDCCH and PDSCH, and also for CSI-RS for CSI acquisition. The specification defines several defaults regarding QCL TypeD assumptions, but the defaults are not fully aligned, and not implemented for all cases. For instance, there is no default beam for aperiodic CSI-RS in general. The rules for the default beam are also unnecessarily complicated.As common beam operation is the by far most common deployment, one of the focus points for the Rel-17 has been to implement a complete common beam solution, with aligned and simple rules. 
UL beam management builds on the concept of spatial relations, but its usage varies for different UL signals: SRS and PUCCH uses different types of spatial relations, configured in different RRC IEs, and signaled in different ways. Having different RRC IEs is particularly strange, since the content is essentially the same: it is a reference signal. PUSCH does not use spatial relations explicitly at all – the PUSCH transmissions are handled using an associated SRS. 
The Rel-17 multi-beam enhancements have streamlined the control of the spatial properties of the UL transmissions, by introducing an UL TCI, which is a direct counterpart to the DL TCI. Such an UL TCI would be used as the direct source for the spatial properties of all transmitted UL signals: SRS, PUCCH and PUSCH.
RAN1 has agreed that the following reference signals may be used as source RS:
· DL TCI state: SSB, CSI-RS
· UL TCI state: SSB, CSI-RS, SRS
Note that for a DL TCI state, there are restrictions on which QCL Types are applicable for different reference signal types. This is similar to Rel-15. 
Rel-17 TCI state framework related parameters are as follows:


	TCI-State_r17
	TCI state definition for Rel-17 unified TCI framework along with the components.
Analogous to Rel-15/16, this includes TCI state ID and QCL Type 1 and 2, In addition, it includes TCI state type (note: column P excat structure is up to RAN2)
	 
	Per UE per cell per BWP
	An additional field for UL spatial relation info may be needed when tci-StateType is 'ULO' (UL TCI only), or this function can be performed with qcl-Type1. It is up to RAN2 to decide.

It can be discussed in RAN2 whether tci-StateType values are needed or not (e.g. whether RAN2 can supersede/build on current RAN1 agreements to combine DL-only and joint TCI into one designation for RRC optimization)

It can be discussed in RAN2 whether a separate IE for UL-only TCI is needed (separately from the rest) as a part of RRC and/or MAC CE optimization

	tci-StateId_r17
	Release 17 TCI state ID
	 
	Per UE per cell per BWP
	 

	tci-StateType
	Type of TCI state: DL only, or UL only, or Joint DL/UL
	{DLO, ULO, Joint}
	Per UE per cell per BWP
	It can be discussed in RAN2 whether tci-StateType values are needed or not (e.g. whether RAN2 can supersede/build on current RAN1 agreements to combine DL-only and joint TCI into one designation for RRC optimization)

	SourceRS-Info_r17
	Source RS and QCL Info definition for Rel-17 unified TCI framework. Analogous to Rel-15/16, this includes information such as cell, BWP ID, source RS, qcl Type (A, [B] B, C or D), and path-loss measurement RS (PL-RS) info
	 
	Per UE per cell per BWP
	Detailed design up to RAN2



We also note that there is information missing in the description for SoureRS-Info_r17: the valid types for the source RS is different for DL/joint TCI states (only DL RS) and UL TCI states (DL and UL RS).
A straightforward implementation of the above parameters is as follows:

[bookmark: _Toc60777408][bookmark: _Toc83740363]–	TCI-State
The IE TCI-State associates one or two DL reference signals with a corresponding quasi co-location (QCL) type.
TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

TCI-StateUnified-r17 ::=                   SEQUENCE {
     tci-StateUnifiedId-r17                   TCI-SatetUnifiedId-r17,
     tci-StateType-r17                        ENUMERATED {DLOnly, ULOnly, JointULDL},
     qcl-Type1-r17                           QCL-Info,
     qcl-Type2-r17                           QCL-Info                                                    OPTIONAL   -- Need R
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP

	QCL-Info field descriptions

	bwp-Id
The DL BWP which the RS is located in.

	cell
The UE's serving cell in which the referenceSignal is configured. If the field is absent, it applies to the serving cell in which the TCI-State is configured. The RS can be located on a serving cell other than the serving cell in which the TCI-State is configured only if the qcl-Type is configured as typeC or typeD. See TS 38.214 [19] clause 5.1.5.

	referenceSignal
Reference signal with which quasi-collocation information is provided as specified in TS 38.214 [19] subclause 5.1.5.

	qcl-Type
QCL type as specified in TS 38.214 [19] subclause 5.1.5.



	Conditional Presence
	Explanation

	CSI-RS-Indicated
	This field is mandatory present if csi-rs is included, absent otherwise



There are some considerations of this. In Rel-15/16 in DL PDSCH is configured with a list of TCI states and PDCCH can have it’s list of TCI states but those are selected among the options configured for PDSCH. This means no PDCCH can have beam direction that a PDSCH could not have. For UL, separate set of beam directions can be configured. If the same is to be supported by the Rel-17 unified framework, the ID space for TCI-StateUnifiedId need to accommodate ID space size of both DL and UL (TCI state Id and PUCCH-SpatialRelationInfoId space in Rel15/16). If this ID space is used also for JointULDL case then there would be considerably  more TCI-States for DL than Rel15/16.
tci-StatesToAddModList                  SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-State                  OPTIONAL,   -- Need N
    tci-StatesToReleaseList                 SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-StateId                OPTIONAL,   -- Need N

tci-StatesPDCCH-ToAddList           SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP

    spatialRelationInfoToAddModList         SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo
                                                                                                                  OPTIONAL, -- Need N
    spatialRelationInfoToReleaseList        SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfoId

Further, when looking into the content of the beam direction description it seems it is exactly the same as in Rel-15/16 for DL. For UL, Rel-15/16 the spatial direction includes also power control parameters:

PUCCH-SpatialRelationInfo ::=           SEQUENCE {
    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,
    servingCellId                           ServCellIndex                                                    OPTIONAL,   -- Need S
    referenceSignal                         CHOICE {
        ssb-Index                               SSB-Index,
        csi-RS-Index                            NZP-CSI-RS-ResourceId,
        srs                                     PUCCH-SRS
    },
    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,
    p0-PUCCH-Id                             P0-PUCCH-Id,
    closedLoopIndex                         ENUMERATED { i0, i1 }
}

The Rel-17 BM seem to have another design for UL power control altogether, which is discussed in last Section.

Given the above, and that the design is left to RAN2, our proposal is as follows.

–	TCI-State
The IE TCI-State associates one or two DL reference signals with a corresponding quasi-colocation (QCL) type.
TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}
-- Editor’s note: SRS should added as RS option for UL TCI state case

TCI-StateULorJoint-r17 ::=                   SEQUENCE {
     tci-StateULorJointId-r17                   TCI-StateULorJointId-r17,
     tci-StateType-r17                        ENUMERATED {ULOnly, JointULDL},
     qcl-Type1-r17                           QCL-Info,
     qcl-Type2-r17                           QCL-Info                                                    OPTIONAL   -- Need R
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP


	QCL-Info field descriptions

	bwp-Id
The DL BWP which the RS is located in.

	cell
The UE's serving cell in which the referenceSignal is configured. If the field is absent, it applies to the serving cell in which the TCI-State is configured. The RS can be located on a serving cell other than the serving cell in which the TCI-State is configured only if the qcl-Type is configured as typeC or typeD. See TS 38.214 [19] clause 5.1.5.

	referenceSignal
Reference signal with which quasi-collocation information is provided as specified in TS 38.214 [19] subclause 5.1.5.

	qcl-Type
QCL type as specified in TS 38.214 [19] subclause 5.1.5.



	Conditional Presence
	Explanation

	CSI-RS-Indicated
	This field is mandatory present if csi-rs is included, absent otherwise



With the above signaling, the ID space issues are avoided as DL only TCI states use the legacy ID name TCI-StateId (note that that ID space can be extended if needed) and UL only TCI state the TCI-SatetULorJointId.  When joint TCI state is configured for PDCCH/PDSCH then one needs to write in the respective field description that network cannot configure Joint together with legacy TCI State. This type of restriction should be anyway specified even if the “according to excel” ASN1 is adopted as one would need to extend all DL and UL channels that can be configured with either new version of DL, or UL TCI state.

Another option which is conceptually simpler but is bitwise more expensive as extension is used within TCI State that is given to a UE on long lists per BWP:


–	TCI-State
The IE TCI-State associates one or two DL reference signals with a corresponding quasi-colocation (QCL) type.
TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...,
   [[
    tci-StateType-r17                        ENUMERATED {JointULDL}			OPTIONAL,

  ]]
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}
-- Editor’s note: SRS should added as RS option for UL TCI state case


TCI-StateUL-r17 ::=                   SEQUENCE {
     tci-StateULId-r17                   TCI-SatetULId-r17,
     qcl-Type1-r17                           QCL-Info,
     qcl-Type2-r17                           QCL-Info                                                    OPTIONAL   -- Need R
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP


	QCL-Info field descriptions

	bwp-Id
The DL BWP which the RS is located in.

	cell
The UE's serving cell in which the referenceSignal is configured. If the field is absent, it applies to the serving cell in which the TCI-State is configured. The RS can be located on a serving cell other than the serving cell in which the TCI-State is configured only if the qcl-Type is configured as typeC or typeD. See TS 38.214 [19] clause 5.1.5.

	referenceSignal
Reference signal with which quasi-collocation information is provided as specified in TS 38.214 [19] subclause 5.1.5.

	qcl-Type
QCL type as specified in TS 38.214 [19] subclause 5.1.5.



	Conditional Presence
	Explanation

	CSI-RS-Indicated
	This field is mandatory present if csi-rs is included, absent otherwise



The above has same benefits for the ID space operation as the first option. Also DL channels do not need to be extended as legacy TCI State IE is used. However, one more option is to have new IE TCI-StateDL-r17 to avoid the bit consumption.

[bookmark: _Toc85742920]As DLonly and ULOnly TCI states are supported in Rel-17 framework the use of the ID space need to be considered to be able to configure enough TCI states for UL and DL 

From ID space use perspective, it is best to adopt separate DL and UL TCI state configurations and enable joint with either of these. There is also RAN1 agreement to support this:

Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:

[bookmark: _Toc85742923]RAN2 to adopt separate DL and UL TCI state configurations and enable joint with either of these. Details FFS.

2.1.1 Use of the Rel-17 TCI state in PDSCH/PDCCH/UL
Some related RAN1 agreements:

Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.


Further, looks like the intention is to use MAC CE very similar to the Rel-16 “Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE”:

Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured

This means that there should be a MAC CE similar to “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE”. What will be activated is a set of Rel-17 DL/joint TCI state. We can have at most 8 TCI states activated in on MAC CE, and each TCI stateId is between 0 and 127.


[bookmark: _Toc85742921]A MAC CE very similar to the Rel-16 “Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” is used to operate the Rel-17 TCI state.

In addition, the MAC CE should activate separate UL/DL TCI states. Here, the following RAN1 agreement is relevant:
Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1
Here there is a need to introduce an RRC configuration such that the MAC CE can activate for each DCI codepoint:
A pair of (DL,UL) TCI states
One DL TCI state
One UL TCI state.

[bookmark: _Toc85742924]RAN2 to hope RAN1 gives more details on what all different variations are planned to be supported


2.2 Additional PCI aspects
The below parameters are given in context of mTRP:
	[AdditionalPCIInfo…]
	to support inter-cell mTRP operation, to associate SSB from the cell having different PCI than serving cell. LS sent to RAN2, this parameter or IE depends RAN2 signaling design…
	 
	per CC
	additional info includes PCI, SSB time domain location, SSB periodicity and SSB transmission power. ref LS in 1-2108633. this parameter or IE depends RAN2 signaling design…

	[NumberOfAdditionalPCI]
	to configure number of additional PCIs for UE supporting more than 1  
	{1, ….max value to be agreed}
	per CC
	this is only for infomration that number of additional PCIs configured is still under discussion in RAN1, depending on RAN2 signaling desing separate parameter may not be needed, 



One parameter is given in context of BM:

	InterCellAdditionalPCI

	Additional PCIs for inter-cell beam management measurement and reporting
	 
	Per UE per cell per BWP
	It can be discussed in RAN2 whether a new parameter is needed or the associated legacy parameter (for beam reporting in CSI framework, or SSB info) can be reused




Our suggestion for the signalling design is as follows where the details of how much SSB related parameters need to be given per additional PCI is up to RAN1:

[bookmark: _Toc60777402][bookmark: _Toc83740357]–	SSB-MTC
The IE SSB-MTC is used to configure measurement timing configurations, i.e., timing occasions at which the UE measures SSBs.
SSB-MTC information element
-- ASN1START
-- TAG-SSB-MTC-START

SSB-MTC ::=                             SEQUENCE {
    periodicityAndOffset                    CHOICE {
        sf5                                 INTEGER (0..4),
        sf10                                    INTEGER (0..9),
        sf20                                    INTEGER (0..19),
        sf40                                    INTEGER (0..39),
        sf80                                    INTEGER (0..79),
        sf160                                   INTEGER (0..159)
    },
    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}

SSB-MTC2 ::=                        SEQUENCE {
    pci-List                            SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need M
    periodicity                         ENUMERATED {sf5, sf10, sf20, sf40, sf80, spare3, spare2, spare1}
}

SSB-MTC2-LP-r16 ::=                 SEQUENCE {
    pci-List                            SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {sf10, sf20, sf40, sf80, sf160, spare3, spare2, spare1}
}

SSB-MTC3-r16 ::=                    SEQUENCE {
    periodicityAndOffset-r16            CHOICE {
        sf5-r16                                     INTEGER (0..4),
        sf10-r16                                    INTEGER (0..9),
        sf20-r16                                    INTEGER (0..19),
        sf40-r16                                    INTEGER (0..39),
        sf80-r16                                    INTEGER (0..79),
        sf160-r16                                   INTEGER (0..159),
        sf320-r16                                   INTEGER (0..319),
        sf640-r16                                   INTEGER (0..639),
        sf1280-r16                                  INTEGER (0..1279)
    },
    duration-r16                        ENUMERATED {sf1, sf2, sf3, sf4, sf5},
    pci-List-r16                        SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,  -- Need M
    ssb-ToMeasure-r16                   SetupRelease { SSB-ToMeasure }                                          OPTIONAL   -- Need M
}

SSB-MTCAdditionalPCI-r17 ::=                    SEQUENCE {
    additionalPCIIndex              AdditionalPCIIndex                 -- Need M   
    ssb-periodicity          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S,
    additionalPCI-r17                        PhysCellId                                         -- Need M
    ssb-ToMeasure-r16                   SetupRelease { SSB-ToMeasure }                                          OPTIONAL   -- Need M
}
-- Editor’s note: guidance says SSB periodicity but does not mention offset. Also transmission power is mentioned, this is not added here for now.

-- TAG-SSB-MTC-STOP
-- ASN1STOP

	SSB-MTC field descriptions

	duration
Duration of the measurement window in which to receive SS/PBCH blocks. It is given in number of subframes (see TS 38.213 [13], clause 4.1).

	periodicityAndOffset
Periodicity and offset of the measurement window in which to receive SS/PBCH blocks, see 5.5.2.10. Periodicity and offset are given in number of subframes.



	SSB-MTC2 field descriptions

	pci-List
PCIs that are known to follow this SMTC.



	SSB-MTC3 field descriptions

	duration
Duration of the measurement window in which to receive SS/PBCH blocks. It is given in number of subframes (see TS 38.213 [13], clause 4.1).

	pci-List
PCIs that are known to follow this SMTC, used for IAB-node discovery.

	periodicityAndOffset
Periodicity and offset of the measurement window in which to receive SS/PBCH blocks, see 5.5.2.10. Periodicity and offset are given in number of subframes.

	ssb-ToMeasure
The set of SS blocks to be measured within the SMTC measurement duration. The first/leftmost bit corresponds to SS block index 0, the second bit corresponds to SS block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS block is not to be measured while value 1 indicates that the corresponding SS block is to be measured (see TS 38.215 [9]). When the field is not configured the IAB-MT measures on all SS blocks. Regardless of the value of this field, SS blocks outside of the applicable smtc are not to be measured. See TS 38.215 [9] clause 5.1.1.



[bookmark: _Toc60777379][bookmark: _Toc83740334]–	ServingCellConfig
The IE ServingCellConfig is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts). Reconfiguration between a PUCCH and PUCCHless SCell is only supported using an SCell release and add.
ServingCellConfig information element
-- ASN1START
-- TAG-SERVINGCELLCONFIG-START

ServingCellConfig ::=               SEQUENCE {
    tdd-UL-DL-ConfigurationDedicated    TDD-UL-DL-ConfigDedicated                                                OPTIONAL,   -- Cond TDD
    initialDownlinkBWP                  BWP-DownlinkDedicated                                                    OPTIONAL,   -- Need M
    downlinkBWP-ToReleaseList           SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                               OPTIONAL,   -- Need N
    downlinkBWP-ToAddModList            SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink                         OPTIONAL,   -- Need N
    firstActiveDownlinkBWP-Id           BWP-Id                                                                   OPTIONAL,   -- Cond SyncAndCellAdd
    bwp-InactivityTimer                 ENUMERATED {ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30,
                                                    ms40,ms50, ms60, ms80,ms100, ms200,ms300, ms500,
                                                    ms750, ms1280, ms1920, ms2560, spare10, spare9, spare8,
                                                    spare7, spare6, spare5, spare4, spare3, spare2, spare1 }    OPTIONAL,   --Need R
    defaultDownlinkBWP-Id               BWP-Id                                                                  OPTIONAL,   -- Need S
    uplinkConfig                        UplinkConfig                                                            OPTIONAL,   -- Need M
    supplementaryUplink                 UplinkConfig                                                            OPTIONAL,   -- Need M
    pdcch-ServingCellConfig             SetupRelease { PDCCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    pdsch-ServingCellConfig             SetupRelease { PDSCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    csi-MeasConfig                      SetupRelease { CSI-MeasConfig }                                         OPTIONAL,   -- Need M
    sCellDeactivationTimer              ENUMERATED {ms20, ms40, ms80, ms160, ms200, ms240,
                                                    ms320, ms400, ms480, ms520, ms640, ms720,
                                                    ms840, ms1280, spare2,spare1}       OPTIONAL,   -- Cond ServingCellWithoutPUCCH
    crossCarrierSchedulingConfig        CrossCarrierSchedulingConfig                                            OPTIONAL,   -- Need M
    tag-Id                              TAG-Id,
    dummy1                              ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    pathlossReferenceLinking            ENUMERATED {spCell, sCell}                                              OPTIONAL,   -- Cond SCellOnly
    servingCellMO                       MeasObjectId                                                            OPTIONAL,   -- Cond MeasObject
    ...,
    [[
    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                                OPTIONAL,   -- Need M
    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern       OPTIONAL,   -- Need N
    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId     OPTIONAL,   -- Need N
    downlinkChannelBW-PerSCS-List       SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
    ]],
    [[
    supplementaryUplinkRelease-r16      ENUMERATED {true}                                                       OPTIONAL,   -- Need N
    tdd-UL-DL-ConfigurationDedicated-IAB-MT-r16    TDD-UL-DL-ConfigDedicated-IAB-MT-r16                         OPTIONAL,   -- Cond TDD_IAB
    dormantBWP-Config-r16               SetupRelease { DormantBWP-Config-r16 }                                  OPTIONAL,   -- Need M
    ca-SlotOffset-r16                   CHOICE {
        refSCS15kHz                         INTEGER (-2..2),
        refSCS30KHz                         INTEGER (-5..5),
        refSCS60KHz                         INTEGER (-10..10),
        refSCS120KHz                        INTEGER (-20..20)
    }                                                                                                           OPTIONAL,   -- Cond AsyncCA
    dummy2                              SetupRelease { DummyJ }                                                 OPTIONAL,   -- Need M
    intraCellGuardBandsDL-List-r16      SEQUENCE (SIZE (1..maxSCSs)) OF IntraCellGuardBandsPerSCS-r16           OPTIONAL,   -- Need S
    intraCellGuardBandsUL-List-r16      SEQUENCE (SIZE (1..maxSCSs)) OF IntraCellGuardBandsPerSCS-r16           OPTIONAL,   -- Need S
    csi-RS-ValidationWithDCI-r16       ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    lte-CRS-PatternList1-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
    lte-CRS-PatternList2-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
    crs-RateMatch-PerCORESETPoolIndex-r16  ENUMERATED {enabled}                                                 OPTIONAL,   -- Need R
    enableTwoDefaultTCI-States-r16      ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultTCI-StatePerCoresetPoolIndex-r16 ENUMERATED {enabled}                                          OPTIONAL,   -- Need R
    enableBeamSwitchTiming-r16          ENUMERATED {true}                                                       OPTIONAL,   -- Need R
    cbg-TxDiffTBsProcessingType1-r16    ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    cbg-TxDiffTBsProcessingType2-r16    ENUMERATED {enabled}                                                    OPTIONAL    -- Need R
    ]],
    [[
    directionalCollisionHandling-r16    ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    channelAccessConfig-r16             SetupRelease { ChannelAccessConfig-r16 }                                OPTIONAL    -- Need M
    ]],

  [[
SSB-MTCAdditionalPCIList-r17::=                 SEQUENCE (SIZE(1..FFS)) OF SSB-MTCAddionalPCI-r16

]]

}

UplinkConfig ::=                    SEQUENCE {
    initialUplinkBWP                    BWP-UplinkDedicated                                                     OPTIONAL,   -- Need M
    uplinkBWP-ToReleaseList             SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                              OPTIONAL,   -- Need N
    uplinkBWP-ToAddModList              SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink                          OPTIONAL,   -- Need N
    firstActiveUplinkBWP-Id             BWP-Id                                                                  OPTIONAL,   -- Cond SyncAndCellAdd
    pusch-ServingCellConfig             SetupRelease { PUSCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    carrierSwitching                    SetupRelease { SRS-CarrierSwitching }                                   OPTIONAL,   -- Need M
    ...,
    [[
    powerBoostPi2BPSK                   BOOLEAN                                                                 OPTIONAL,   -- Need M
    uplinkChannelBW-PerSCS-List         SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
    ]],
    [[
    enablePL-RS-UpdateForPUSCH-SRS-r16  ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForPUSCH0-0-r16 ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForPUCCH-r16    ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForSRS-r16      ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    uplinkTxSwitching-r16               SetupRelease { UplinkTxSwitching-r16 }                                  OPTIONAL,   -- Need M
    mpr-PowerBoost-FR2-r16              ENUMERATED {true}                                                       OPTIONAL    -- Need R
    ]]
}

DummyJ ::=                          SEQUENCE {
    maxEnergyDetectionThreshold-r16         INTEGER(-85..-52),
    energyDetectionThresholdOffset-r16      INTEGER (-20..-13),
    ul-toDL-COT-SharingED-Threshold-r16     INTEGER (-85..-52)                                                  OPTIONAL,   -- Need R
    absenceOfAnyOtherTechnology-r16         ENUMERATED {true}                                                   OPTIONAL    -- Need R
}

ChannelAccessConfig-r16 ::=         SEQUENCE {
    energyDetectionConfig-r16           CHOICE {
        maxEnergyDetectionThreshold-r16         INTEGER (-85..-52),
        energyDetectionThresholdOffset-r16      INTEGER (-13..20)
    }                                                                                                           OPTIONAL,   -- Need R
    ul-toDL-COT-SharingED-Threshold-r16         INTEGER (-85..-52)                                              OPTIONAL,   -- Need R
    absenceOfAnyOtherTechnology-r16             ENUMERATED {true}                                               OPTIONAL    -- Need R
}

IntraCellGuardBandsPerSCS-r16 ::=      SEQUENCE {
    guardBandSCS-r16                       SubcarrierSpacing,
    intraCellGuardBands-r16                SEQUENCE (SIZE (1..4)) OF GuardBand-r16
}

GuardBand-r16 ::=                      SEQUENCE {
     startCRB-r16                          INTEGER (0..274),
     nrofCRBs-r16                          INTEGER (0..15)
}

DormancyGroupID-r16 ::=         INTEGER (0..4)

DormantBWP-Config-r16::=               SEQUENCE {
    dormantBWP-Id-r16                      BWP-Id                                                           OPTIONAL,   -- Need M
    withinActiveTimeConfig-r16             SetupRelease { WithinActiveTimeConfig-r16 }                      OPTIONAL,   -- Need M
    outsideActiveTimeConfig-r16            SetupRelease { OutsideActiveTimeConfig-r16 }                     OPTIONAL    -- Need M
}

WithinActiveTimeConfig-r16 ::=         SEQUENCE {
   firstWithinActiveTimeBWP-Id-r16         BWP-Id                                                           OPTIONAL,   -- Need M
   dormancyGroupWithinActiveTime-r16       DormancyGroupID-r16                                              OPTIONAL    -- Need R
}

OutsideActiveTimeConfig-r16 ::=        SEQUENCE {
   firstOutsideActiveTimeBWP-Id-r16        BWP-Id                                                           OPTIONAL,   -- Need M
   dormancyGroupOutsideActiveTime-r16      DormancyGroupID-r16                                              OPTIONAL    -- Need R
}

UplinkTxSwitching-r16 ::=              SEQUENCE {
    uplinkTxSwitchingPeriodLocation-r16    BOOLEAN,
    uplinkTxSwitchingCarrier-r16           ENUMERATED {carrier1, carrier2}
}

-- TAG-SERVINGCELLCONFIG-STOP
-- ASN1STOP

	ChannelAccessConfig field descriptions

	absenceOfAnyOtherTechnology
Presence of this field indicates absence on a long term basis (e.g. by level of regulation) of any other technology sharing the carrier; absence of this field indicates the potential presence of any other technology sharing the carrier, as specified in TS 37.213 [48] clauses 4.2.1 and 4.2.3.

	energyDetectionConfig
Indicates whether to use the maxEnergyDetectionThreshold or the energyDetectionThresholdOffset (see TS 37.213 [48], clause 4.2.3).

	energyDetectionThresholdOffset
Indicates the offset to the default maximum energy detection threshold value. Unit in dB. Value -13 corresponds to -13dB, value -12 corresponds to -12dB, and so on (i.e. in steps of 1dB) as specified in TS 37.213 [48], clause 4.2.3.

	maxEnergyDetectionThreshold
Indicates the absolute maximum energy detection threshold value. Unit in dBm. Value -85 corresponds to -85 dBm, value -84 corresponds to -84 dBm, and so on (i.e. in steps of 1dBm) as specified in TS 37.213 [48], clause 4.2.3.

	ul-toDL-COT-SharingED-Threshold
Maximum energy detection threshold that the UE should use to share channel occupancy with gNB for DL transmission as specified in TS 37.213 [48], clause 4.1.3 for downlink channel access and clause 4.2.3 for uplink channel access.



	ServingCellConfig field descriptions

	bwp-InactivityTimer
The duration in ms after which the UE falls back to the default Bandwidth Part (see TS 38.321 [3], clause 5.15). When the network releases the timer configuration, the UE stops the timer without switching to the default BWP.

	ca-SlotOffset
Slot offset between the primary cell (PCell/PSCell) and the SCell in unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA. Based on this field, the UE determines the time offset of the SCell as specified in clause 4.5 of TS 38.211 [16]. The granularity of this field is determined by the reference SCS for the slot offset (i.e. the maximum of PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfigCommon or ServingCellConfigCommonSIB and this serving cell's lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfigCommon or ServingCellConfigCommonSIB).
The Network configures at most single non-zero offset duration in ms (independent on SCS) among CCs in the unaligned CA configuration. If the field is absent, the UE applies the value of 0. The slot offset value can only be changed with SCell release and add.

	cbg-TxDiffTBsProcessingType1, cbg-TxDiffTBsProcessingType2
Indicates whether processing types 1 and 2 based CBG based operation is enabled according to Rel-16 UE capabilities.

	channelAccessConfig
List of parameters used for access procedures of operation with shared spectrum channel access (see TS 37.213 [48).

	crossCarrierSchedulingConfig
Indicates whether this serving cell is cross-carrier scheduled by another serving cell or whether it cross-carrier schedules another serving cell.

	crs-RateMatch-PerCORESETPoolIndex
Indicates how UE performs rate matching when both lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 are configured as specified in TS 38.214 [19], clause 5.1.4.2.

	csi-RS-ValidationWithDCI
Indicates how the UE performs periodic and semi-persistent CSI-RS reception in a slot. The presence of this field indicates that the UE uses DCI detection to validate whether to receive CSI-RS (see TS 38.213 [13], clause 11.1).

	defaultDownlinkBWP-Id
The initial bandwidth part is referred to by BWP-Id = 0. ID of the downlink bandwidth part to be used upon expiry of the BWP inactivity timer. This field is UE specific. When the field is absent the UE uses the initial BWP as default BWP. (see TS 38.213 [13], clause 12 and TS 38.321 [3], clause 5.15).

	directionalCollisionHandling
Indicates that this serving cell is using directional collision handling between a reference and other cell(s) for half-duplex operation in TDD CA with same SCS as specified in TS 38.213 [13], clause 11.1. The half-duplex operation only applies within the same frequency range and cell group. The network only configures this field for TDD serving cells that are using the same SCS.

	dormantBWP-Config
The dormant BWP configuration for an SCell. This field can be configured only for a (non-PUCCH) SCell.

	downlinkBWP-ToAddModList
List of additional downlink bandwidth parts to be added or modified. (see TS 38.213 [13], clause 12).

	downlinkBWP-ToReleaseList
List of additional downlink bandwidth parts to be released. (see TS 38.213 [13], clause 12).

	downlinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].

	dummy1, dummy 2
This field is not used in the specification. If received it shall be ignored by the UE.

	enableBeamSwitchTiming
Indicates the aperiodic CSI-RS triggering with beam switching triggering behaviour as defined in clause 5.2.1.5.1 of TS 38.214 [19].

	enableDefaultTCI-StatePerCoresetPoolIndex
Presence of this field indicates the UE shall follow the release 16 behavior of default TCI state per CORESETPoolindex when the UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet is enabled.

	enableTwoDefaultTCI-States
Presence of this field indicates the UE shall follow the release 16 behavior of two default TCI states for PDSCH when at least one TCI codepoint is mapped to two TCI states is enabled

	firstActiveDownlinkBWP-Id
If configured for an SpCell, this field contains the ID of the DL BWP to be activated upon performing the RRC (re-)configuration. If the field is absent, the RRC (re-)configuration does not impose a BWP switch.
If configured for an SCell, this field contains the ID of the downlink bandwidth part to be used upon activation of an SCell. The initial bandwidth part is referred to by BWP-Id = 0.
Upon reconfiguration with reconfigurationWithSync, the network sets the firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id to the same value.

	initialDownlinkBWP
The dedicated (UE-specific) configuration for the initial downlink bandwidth-part (i.e. DL BWP#0). If any of the optional IEs are configured within this IE, the UE considers the BWP#0 to be an RRC configured BWP (from UE capability viewpoint). Otherwise, the UE does not consider the BWP#0 as an RRC configured BWP (from UE capability viewpoint). Network always configures the UE with a value for this field if no other BWPs are configured. NOTE1

	intraCellGuardBandsDL-List, intraCellGuardBandsUL-List
List of intra-cell guard bands in a serving cell for operation with shared spectrum channel access. If not configured, the guard bands are defined according to 38.101-1 [15], see TS 38.214 [19], clause 7. For operation in licensed spectrum, this field is absent, and no UE action is required.

	lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround simultaneously.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.

	lte-CRS-ToMatchAround
Parameters to determine an LTE CRS pattern that the UE shall rate match around.

	pathlossReferenceLinking
Indicates whether UE shall apply as pathloss reference either the downlink of SpCell (PCell for MCG or PSCell for SCG) or of SCell that corresponds with this uplink (see TS 38.213 [13], clause 7).

	pdsch-ServingCellConfig
PDSCH related parameters that are not BWP-specific.

	rateMatchPatternToAddModList
Resources patterns which the UE should rate match PDSCH around. The UE rate matches around the union of all resources indicated in the rate match patterns. Rate match patterns defined here on cell level apply only to PDSCH of the same numerology. See TS 38.214 [19], clause 5.1.4.1.

	sCellDeactivationTimer
SCell deactivation timer in TS 38.321 [3]. If the field is absent, the UE applies the value infinity.

	servingCellMO
measObjectId of the MeasObjectNR in MeasConfig which is associated to the serving cell. For this MeasObjectNR, the following relationship applies between this MeasObjectNR and frequencyInfoDL in ServingCellConfigCommon of the serving cell: if ssbFrequency is configured, its value is the same as the absoluteFrequencySSB and if csi-rs-ResourceConfigMobility is configured, the value of its subcarrierSpacing is present in one entry of the scs-SpecificCarrierList, csi-RS-CellListMobility includes an entry corresponding to the serving cell (with cellId equal to physCellId in ServingCellConfigCommon) and the frequency range indicated by the csi-rs-MeasurementBW of the entry in csi-RS-CellListMobility is included in the frequency range indicated by in the entry of the scs-SpecificCarrierList.   

	SSB-MTCAdditionalPCIList
List of additional PCIs tp be used for intercell BM and mTRP operation

	supplementaryUplink
Network may configure this field only when supplementaryUplinkConfig is configured in ServingCellConfigCommon or supplementaryUplink is configured in ServingCellConfigCommonSIB.

	supplementaryUplinkRelease
If this field is included, the UE shall release the uplink configuration configured by supplementaryUplink. The network only includes either supplementaryUplinkRelease or supplementaryUplink at a time.

	tag-Id
Timing Advance Group ID, as specified in TS 38.321 [3], which this cell belongs to.

	tdd-UL-DL-ConfigurationDedicated-IAB-MT
Resource configuration per IAB-MT D/U/F overrides all symbols (with a limitation that effectively only flexible symbols can be overwritten in Rel-16) per slot over the number of slots as provided by TDD-UL-DL ConfigurationCommon.

	uplinkConfig
Network may configure this field only when uplinkConfigCommon is configured in ServingCellConfigCommon or ServingCellConfigCommonSIB. Addition or release of this field can only be done upon SCell addition or release (respectively).



–	TCI-State
The IE TCI-State associates one or two DL reference signals with a corresponding quasi-colocation (QCL) type.
TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ... ,
   [[
    tci-StateType-r17                        ENUMERATED {JointULDL},
    addiotionalPCI-r17                      additionalPCIIndex                                           OPTIONAL   -- Cond SSB as TCI state RS

  ]]

}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}
-- Editor’s note: SRS should added as RS option for UL TCI state case


[bookmark: _Hlk85708177]TCI-StateUL-r17 ::=                   SEQUENCE {
     tci-StateULId-r17                   TCI-StateULId-r17,
     qcl-Type1-r17                           QCL-Info,
     qcl-Type2-r17                           QCL-Info                                                    OPTIONAL   -- Need R
     addiotionalPCI-r17                      additionalPCIIndex                                           OPTIONAL   

}


-- TAG-TCI-STATE-STOP
-- ASN1STOP

Note that it is not clear if the Cond Cond SSB as TCI state RS is needed or if this works with CSI-RS/SRS as well.
[bookmark: _Toc60777225][bookmark: _Toc83740180]–	CSI-SSB-ResourceSet
The IE CSI-SSB-ResourceSet is used to configure one SS/PBCH block resource set which refers to SS/PBCH as indicated in ServingCellConfigCommon.
CSI-SSB-ResourceSet information element
-- ASN1START
-- TAG-CSI-SSB-RESOURCESET-START

CSI-SSB-ResourceSet ::=             SEQUENCE {
    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,
    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ...,
   [[
    addiotionalPCI-r17                      additionalPCIIndex                                           OPTIONAL   

  ]]

}

-- TAG-CSI-SSB-RESOURCESET-STOP
-- ASN1STOP


[bookmark: _Toc60777319][bookmark: _Toc83740274]–	PUCCH-SpatialRelationInfo
The IE PUCCH-SpatialRelationInfo is used to configure the spatial setting for PUCCH transmission and the parameters for PUCCH power control, see TS 38.213, [13], clause 9.2.2.
PUCCH-SpatialRelationInfo information element
-- ASN1START
-- TAG-PUCCH-SPATIALRELATIONINFO-START

PUCCH-SpatialRelationInfo ::=           SEQUENCE {
    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,
    servingCellId                           ServCellIndex                                                    OPTIONAL,   -- Need S
    referenceSignal                         CHOICE {
        ssb-Index                               SSB-Index,
        csi-RS-Index                            NZP-CSI-RS-ResourceId,
        srs                                     PUCCH-SRS
    },
    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,
    p0-PUCCH-Id                             P0-PUCCH-Id,
    closedLoopIndex                         ENUMERATED { i0, i1 }
}

PUCCH-SpatialRelationInfoExt-r16 ::=       SEQUENCE {
    pucch-SpatialRelationInfoId-v1610         PUCCH-SpatialRelationInfoId-v1610                              OPTIONAL,   -- Cond SetupOnly
    pucch-PathlossReferenceRS-Id-v1610        PUCCH-PathlossReferenceRS-Id-v1610                             OPTIONAL,    --Need R
    ... ,
   [[
    addiotionalPCI-r17                      additionalPCIIndex-r17                                           OPTIONAL   -- Cond SSB as TCI state RS

  ]]

}

PUCCH-SRS ::=                       SEQUENCE {
    resource                            SRS-ResourceId,
    uplinkBWP                           BWP-Id
}
-- TAG-PUCCH-SPATIALRELATIONINFO-STOP
-- ASN1STOP

	PUCCH-SpatialRelationInfo field descriptions

	pucch-PathLossReferenceRS-Id
When pucch-PathLossReferenceRS-Id-v1610 is configured, the UE shall ignore pucch-PathLossReferenceRS-Id (without suffix).

	pucch-SpatialRelationInfoId
When pucch-SpatialRelationInfoId-v1610 is configured, the UE shall ignore pucch-SpatialRelationInfoId (without suffix).

	servingCellId
If the field is absent, the UE applies the ServCellId of the serving cell in which this PUCCH-SpatialRelationInfo is configured



	Conditional Presence
	Explanation

	SetupOnly
	This field is mandatory present upon creation of a PUCCH-SpatialRelationInfo. It is absent, Need M otherwise.





The additional PCI is used for both mTRP and BM and shared configuration of the PCI related parameters should be adopted. Differences may become where the additional PCI info is linked to. E.g. whether it is needed for the UL spatial relation or not as mDCI mTRP does need it but BM relies on Rel-17 UL TCI state.

We propose RAN2 to adopt the above way of configuring the additiona PCI information while details are FFS. This is also aligned with the below proposal:
Agreements from RAN1#106-e
Agreement
Introduce a new RRC indicator/signaling (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with, where the new indicator/signaling is not the exact PCI value
· Detailed signaling design is up to RAN2


[bookmark: _Toc85742925]RAN2 to adopt the above way of configuring the additional PCI information while details are FFS



2.3 mTRP PDCCH/PUCCH/PUSCH Repetition
mTRP PDCCH Repetition

Two RRC parameters below have been identified by RAN1 for supporting intra-slot mTRP PDCCH repetition. 
· searchSpaceLinking
· twoQCLTypeDforPDCCHRepetition

The first parameter searchSpaceLinking is intended to link two USS sets or two type 3 CSS sets. In our view, this can be done by including a same linkage ID(e.g. searchSpaceLinkingId) in each of two SS sets to be linked. When two SS sets contain the same linkage ID, the two SS sets are then linked for PDCCH repetition. The value range of the ID can be further discussed and can be according to the maximum number of SS sets configurable within a slot. 
The parameter twoQCLTypeDforPDCCHRepetition is intended for indicating whether a UE is expecting to receive PDCCH with two simultaneous beams if the UE is capable of simultaneous reception. The value can be simply true or false.

[bookmark: _Toc85742926]Enable search space linking by including same linkage ID(e.g. searchSpaceLinkingId) in each of two SS sets to be linked.FFS details


mTRP PUCCH Repetition
For mTRP PUCCH repetition, three parameters below have been identified by RAN1:
· FFS: PUCCH-SpatialRelationInfo (without referenceSignal) or PUCCH-PowerControlSetInfo (new IE)
· SecondTPCFieldDCI-1-1
· SecondTPCFieldDCI-1-2

The first parameter is intended for configuring two sets of PUCCH power control parameters, one associated with each TRP, for a PUCCH resource in FR1.  RAN1 has provided two possible options, i.e., (a) reusing spatial relation IE but removing the reference signal; (b) defining a new IE for the purpose.   In our view, defining a new IE with only the power control parameters is cleaner way to do it. 
For the second and third parameters, they are intended to configure a second TPC field for closed-loop power control for PUCCH towards a second TRP in DCI formats 1_1 and 1_2, respectively, based on UE capability.

[bookmark: _Toc85742927]Define New IE for PUCCH power control for mTRP


mTRP PUSCH Repetition
For mTRP PUSCH repetition, multiple RRC parameters have been identified by RAN1 and are listed below:
· SecondTPCFieldDCI-0-1
· SecondTPCFieldDCI-0-2
· sequenceOffsetForRV
· FFS: sri-PUSCH-MappingToAddModList2 or sri-resource-setId
· p0-PUSCH-Alpha2
· powerControlLoopToUse2
· pathlossReferenceIndex2
· srs-ResourceIndicator2 
· precodingAndNumberOfLayers2
· p0-PUSCH-SetList2
The first two parameters SecondTPCFieldDCI-0-1 and SecondTPCFieldDCI-0-2 are for configuring a second TPC field in DCI formats 0_1 and 0_2, respectively, to supported per TRP closed-loop PUSCH power control. The parameter sequenceOffsetForRV  is for configuring a RV offset for PUSCH transmission to a second TRP, a similar parameter was introduced for PDSCH in Rel-16. 
On SRI to PUSCH power control parameter mappings for a second TRP, RAN1 has provided two possible options, i.e., (a) introduce a new list “sri-PUSCH-MappingToAddModList2”; (b) reuse the existing list but introducing a new “sri-resource-setId” in each SRI to PUSCH mapping to indicate which SRS resource set (i.e., TRP) the mapping is applicable.  In our view, introducing a new list “sri-PUSCH-MappingToAddModList2” would be a cleaner solution and seems to make more sense. 

[bookmark: _Toc85742928]Define New list “sri-PUSCH-MappingToAddModList2” for PUSCH power control for mTRP

2.4 UL power control framework for BM

	p0_Alpha_CLIdPUSCHSet
	UL PC parameters other than PLRS (Set of P0, alpha and closed loop index): PUSCH
	
	Per UE per cell per BWP
	It can be discussed in RAN2 whether a new parameter is needed or the associated legacy parameter can be reused. Or if one parameter that includes all UL PC setting (other than PLRS) pars can be used.

The exact association scheme (which may involve RRC and/or MAC CE) still needs ti be finalized

	p0_Alpha_CLIdPUCCHSet
	UL PC parameters other than PLRS (Set of P0, alpha and closed loop index): PUCCH 
	
	Per UE per cell per BWP
	It can be discussed in RAN2 whether a new parameter is needed or the associated legacy parameter can be reused. Or if one parameter that includes all UL PC setting (other than PLRS) pars can be used

The exact association scheme (which may involve RRC and/or MAC CE) still needs ti be finalized

	p0_Alpha_CLIdSRSSet
	UL PC parameters other than PLRS (Set of P0, alpha and closed loop index): SRS 
	
	Per UE per cell per BWP
	It can be discussed in RAN2 whether a new parameter is needed or the associated legacy parameter can be reused. Or if one parameter that includes all UL PC setting (other than PLRS) pars can be used.

The exact association scheme (which may involve RRC and/or MAC CE) still needs ti be finalized

	p0_Alpha_CLIdSetId
	p0_Alpha_CLIdSet ID (Set of P0, alpha and closed loop index)
	p0 INTEGER in range (-16 … 15)

[alpha of type Alpha]

CLId ENUMERATE (0,1)

	Per UE per cell per BWP
	It can be discussed in RAN2 whether a new parameter is needed or the associated legacy parameter can be reused. Or if one parameter that includes all UL PC setting (other than PLRS) pars can be used.

The exact association scheme (which may involve RRC and/or MAC CE) still needs ti be finalized



This UL power control framework is indeed a subtopic with a lot of options how to design, not only RRC but the combination of RRC and MAC CE signaling. It can take some time for RAN2 to start defining signaling for this thus it is better to wait if any additional input from RAN1 arrives e.g. for the MAC CE design.

[bookmark: _Toc85742929]Wait for further RAN1 input for power control design for BM


Conclusion
In the previous sections we made the following observations: 
Observation 1	Based on Rel-16 mTRP enhancements, a UE is able to perform simultaneous reception from two TRPs transmitting SSBs associated to the serving cell PCI.
Observation 2	The changes to the WID points at extending the Rel-16 mTRP concepts with enhancing L1-measurement reports of an SSB belonging to a different PCI than the serving cell PCI and TCI state configuration with QCL possibility to a SSB belonging to a different PCI than the serving cell PCI.
Observation 3	Large number of RAN1 parameters in R1-2110635 contain notes like “it can be discussed in RAN2” or “detailed design up to RAN2”
Observation 4	Unlike in previous releases, in this release the RAN2 work on the objective “Specify higher layer support of enhancements listed above, at least including [RAN2]” involves more RAN2 decision making for the parameters than in earlier releases.
Observation 5	As DLonly and ULOnly TCI states are supported in Rel-17 framework the use of the ID space need to be considered to be able to configure enough TCI states for UL and DL
Observation 6	A MAC CE very similar to the Rel-16 “Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” is used to operate the Rel-17 TCI state.
 Based on the discussion in the previous sections we propose the following:
Proposal 1	RRM measurements of the serving cell or the non-serving cell is not impacted in Rel-17.
Proposal 2	RAN2 to adopt separate DL and UL TCI state configurations and enable joint with either of these. Details FFS.
Proposal 3	RAN2 to hope RAN1 gives more details on what all different variations are planned to be supported
Proposal 4	RAN2 to adopt the above way of configuring the additional PCI information while details are FFS
Proposal 5	Enable search space linking by including same linkage ID(e.g. searchSpaceLinkingId) in each of two SS sets to be linked.FFS details
Proposal 6	Define New IE for PUCCH power control for mTRP
Proposal 7	Define New list “sri-PUSCH-MappingToAddModList2” for PUSCH power control for mTRP
Proposal 8	Wait for further RAN1 input for power control design for BM
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Appendix

R1-2108633, LS on Rel-17 inter-cell multi TRP, August 2021
For inter-cell multi TRP operation in Rel-17 FeMIMO, RAN1 has reached following agreements and conclusions in past few meetings:
Agreement from RAN1#103-e
Agreement
The information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing non-serving cell information
Agreements from RAN1#104-e
Agreement
Non-serving cell information at least includes non-serving cell PCI to support inter-cell multi-DCI multi-TRP operation
· FFS: Whether the indication of PCI is implicit or explicit
Conclusion
Reuse Rel-15/16 QCL rule between the source and target RS/channel for non-serving cell RS/channel.
Agreement
At least following non-serving cell SSB information are needed in inter-cell MTRP operation
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other non-serving cell information
FFS: Whether indication of these information is implicit or explicit
Agreements from RAN1#104b-e
Agreement
· For intercell MTRP operation, 1 additional PCI different from the serving cell PCI is supported per CC
· The additional PCI is the one associated with one or more TCI states that are activated for [CSI-RS for CSI]/PDSCH/PDCCH, per CC.
· Applicable at least for non-cross carrier QCL indication
· FFS: Cross carrier scheduling QCL indication
· RAN1 to decide on the maximum number of PCIs different from the serving cell PCI per CC and/or across all CCs that can be RRC-configured for multi-DCI based inter-cell multi-TRP
· Above should be specified by reusing R15 QCL rules as concluded in RAN1#104-e
 Conclusion
Configuration of CSI-RS for mobility as QCL source for intercell MTRP operation is not supported from Rel-17 specification point of view
Agreements from RAN1#106-e
Agreement
Introduce a new RRC indicator/signaling (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with, where the new indicator/signaling is not the exact PCI value
· Detailed signaling design is up to RAN2
Agreement
· Rel. 17 inter-cell MTRP, the maximum number of additional RRC -configured PCIs  per CC is denoted X and can be reported as a UE capability
· For the report value of X, multiple candidate values including 1 is supported. 
· FFS : Which values to support other than 1. 
· Values larger than 7 are precluded
· RAN1 needs to agree on value(s) of X other than 1
· Down-select one of the following alternatives:
· Alt 1: A single value of X is reported as UE capability for any possible SSB time domain position and periodicity
· Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 
· The serving cell PCI is always associated with active TCI states, only 1 additional PCI can be associated with the active TCI States
Agreement
· For inter-cell mTRP, one PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with one CORESETPoolIndex , another PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with another CORESETPoolIndex 
· FFS: The association between PCI and CORESETPoolIndex when switching between intra-cell mTRP and inter-cell mTRP 

RAN1 is aware of the terminology “non-serving cell” is not proper as mentioned in respective LS in R2-2106787, the terminology “non-serving cell” above means “cell having TRP with different PCI from serving cell”.

R1-2108527, LS Reply on TCI State Update for L1/L2-Centric Inter-Cell Mobility to RAN3, August 2021

Question 1: What does “non-serving cell” mean? 
Answer 1: As reflected in the revised WID RP-211586, no change in serving cell (hence no inter-cell mobility) is assumed. Therefore, the above question 1 is no longer relevant. 


Question 2: What is the procedure of L1/L2-centric mobility? e.g.,
· Configuration of a non-serving cell
· Deconfiguration of non-serving cell
· Change of serving cell
Answer 2: As reflected in the revised WID RP-211586, no change in serving cell (hence no inter-cell mobility) is assumed. Furthermore, per the revised WID, the term “L1/L2-centric inter-cell mobility” should be replaced with “inter-cell beam management”. Therefore, the above question 2 is no longer relevant in Rel-17. Regardless, inter-cell mobility falls under RAN2 expertise and, even if it were relevant, should be answered by RAN2.


Question 3: Whether both intra-frequency and inter-frequency scenarios are targeted for this new scheme?
Answer 3: As reflected in the revised WID RP-211586, only intra-frequency scenario for inter-cell beam management is considered.

R1-2108526, LS Reply on TCI State Update for L1/L2-Centric Inter-Cell Mobility to RAN4, August 2021


Question 1: It is RAN4 common understanding that for the intra-band CA scenario the primary serving cell and secondary serving cell(s) belong to the same frequency band, rather than the serving and non-serving cells belong to the same frequency band as described in the question. Likewise intra-band CA explanation, for inter-band CA case a serving cell and secondary serving cell(s) belong to different frequency bands rather than the serving and non-serving cells. Can RAN1 please further clarify the intra-band/inter-band scenarios based on above RAN4 common understanding?

Answer 1: In the context of ‘question 5’, it should be noted that RAN1 is not redefining CA. Therefore, RAN1 shares the same understanding as RAN4.
Note that in Rel-17, the relevant scenario to be considered is intra-band. 


Question 2: RAN4 would like RAN1 to clarify whether “the operation” in question 5 refers to only L1/L2-centric inter-cell mobility or both inter-cell mobility and inter-cell mTRP operations. Does RAN4 need to consider inter-cell mTRP operation into the “CA scenario” of Question 5?

Answer 2: As reflected in the revised WID RP-211586, no change in serving cell (hence no inter-cell mobility) is assumed. Furthermore, per the revised WID, the term “L1/L2-centric inter-cell mobility” should be replaced with “inter-cell beam management”. The “operation” in ‘question 5’ refers to both inter-cell beam management and inter-cell mTRP.


Question 3: RAN4 also would like RAN1 and RAN2 to further clarify on the definition of non-serving cell especially whether UE shall support data/control channel reception and transmission from non-serving cell including simultaneous reception and transmission capabilities under CA scenarios. 

Answer 3: As reflected in the revised WID RP-211586, no change in serving cell (hence no inter-cell mobility) is assumed. Therefore, the above question 3 is no longer relevant. The term “non-serving cell” is simply a reference to a TRP associated with a physical cell ID different from that of the serving cell. Regarding simultaneous reception and transmission, based on the revised WID:
· For inter-cell beam management, a UE can only communicate with a single cell and no change in serving cell is assumed
· For inter-cell mTRP, since it assumes multi-PDSCH reception and multi-DCI, simultaneous DL reception from the serving cell and a TRP associated with a physical cell ID different from that of the serving cell is supported. There is no impact on simultaneous reception and transmission capabilities under CA scenarios.  
The above includes cells in CA scenarios. 
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